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(54) BIDENTATE PHOSPHORUS COMPOUND AND METHOD OF HYDROFORMYLATION 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a bidentate 
phosphorus ligand excellent in activity, selectively, ^ 
thermal stability in a hydroformylation reaction. 
SOLUTION: This compound is a bidentate phosphorus 
compound expressed by general formula A-a. [ -Ar1- 
Ar2- is a bisarylene group expressed by general 
formulas a~I or a— II; Z1 to Z4 are each a five 
membered heterocycle or its condensate including 
one or more nitrogen atoms and having nitrogen atom 
bonding to phosphorus atom; R4 and R5 are each 
independently an alkyl group, an alkoxy, a cycloalkyl, a 
cycloalkoxy, a silyl or siloxy group which may contain 
a substituent or a halogen; R1 to R3 and R6 to R8 are 
each independently H, an alkyl, an alkoxy, a cycloaklyl, 
a cycloalkoxy, a dialkyl amino, an aryl, aryloxy, an 
alkylaryl, an alkylaryloxy, an alkylaryloxy, arylalkyl, an 
arylalkoxy, cyano, hydroxy, or a halogen; R14 and R15 
are each the same as the above R4 and R5; and R9 to 
R13 and R16 to R20 are each the same as R1 to R3 
and R6 to R8)]. 
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10074] *miV>~m, (A-a) MfiA-b) 
i> ♦ feUTfcfl] HfeS (A-a)(0-Ar r Ar 2 

< a - r ) comm&k ^x-kfmmw-r 

h» ( 1 ) OfcjRifcfc UTtt, <%tfcf«Fl 0-4 5 
7 7 5 {dBUcWEFffifci •? £ i: #T'* . TIB— 

«K ( a- I - 1 ) (Hfcft ( a- I - 1 K +0. R 
,~R»tt. -*W (a- 1 > «t»ORi-B,tP«Kr» 

nw* y±jaa*HBfc » te-ssc ( b > mtf/xa 

(C) (3fcK Z, ~Z 4 ttHR*(A-a)<DZ t ~ 





Z 4 hZKZWmxhh. )"C*Sii*lJy<fcMM: 

[0075] 
Mt5 6] 



(3) 




P— -Ci 



P — Dl 



CC) 
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[0076] JJ3HR3S (a-1-1) TSIStlfctT* 

r y ~-uy^~>umT&-m < a - 1 - 2 ) <- 

{ a- 1 -2 > R,~R 8 lis *:h,**lHR5$ . 
(a- I ) «f^Ri~R»tR«Tr*«. ) T-SSftS, 
*fc*'iWfi8B£fc3 s *-* 1.1' -t*7i^- 2 , 
2' -Vt-lVb^ n~BuLi. Na, N aH > KH 

Mix***?* S"* j>m<7)T)Vtt y ±s#gft^$ii t 

10 0 7 7] 
MK5 7] 

Ft, HO OH Rg 

[00783 JjEaWfc&ftoffiflMtt, Hfe* ( a - 
I -2) •CtS&l&VXTV'-Vyift-frt *Mzft 

xf-;Wx-x^«x— ^;HSs ^Ify, h^xy^ 
0>*fe**SL KUW's hUXf-^TS^ N, N, 

N' , N' -rh^fvvxf-^y^rsy^Mg 

-7o-c~^i»^»t'3ii:^?-r.sci:* i 
m<Dm^mi±mmm~ 3 o°c-2 5 

&mit£mt ttn-BuLi, N aXiiN 

COO 7 9 ] HRsS ( a- I - 1 ) •C*fSfc.Sft£ft 

( B ) s ( C ) T*$ixS y yft£«, HJWt 
>jy (PCI3) £Z, -H. Zj -H. Z s -HXtt 
Z, -H (3», Z, ~Z 4 HHfc* (A-a) OZ, 

~z 4 mmx-hh* ) x-m^timmm,it^mmt 

-ffit&Zb&VS*. Z, J:Z 2 ifeft&Zs i;Z 4 # 
W^TZ, iZ 2 , Z 3 bZ< <m%ifi*il?tUI£ 

m-T&m&fisxvmK. mz. z, , z 2 v z 

[0080] .bKBEfc Uttt, fcf y v'y . )- U X^ 
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7$y. S'xf^rSySOfcSSRfflS, gBtf-bU* 

a „ y ^A^iEMs^^^^i. . soEHfls 
jss*t. pc is i ^Mzft ix2 wm\ >&<MPgm 

ThZ. tmn&^i-¥tzt)&m-*Vc*)~thb7F& 
m:P (Z, ), (z, ) . P (Z, ) <z 2 ) , , p 
.(z, ), s p (z,), ^yy^^ci 2 p 

(Z, ) ^^pnft^»?>lHab5«gi*5t»®a 

ioo8i] wm&mmmmwm* zktK 
mtm&b ix^mmimm^m-kx- 

m Tifw %<m. m^m%*fo±sfhb\^tz 

rnmwt u\ mm^wFX'Kmm^tzm. m 
oiwvmt&fiwfi mmb miz. wm 

fab VXKmffi§&\iZ%&tZ>1f. itUi, »*t<fi 
mfrbW&'tl Z b tfX% , «06eo^rrcKK* 

[0082]-tBi(B) , (C)T«*#l5^DO* 

ti$.bmzftWt&Z b%<&nxmzmA,X'i>fr±b 
&\ —m, (B) b (c) coy yfls^*fr£*i^><9W 
^w^^swrrsspst L-m, ^*y, *<r*>m 
mrnmi&kmmmwmmgMtizx h-ysmv 

[0083] (A-a-I >»Z|gy 

14, ~m ( a- I - 1 ) ^t^jfc, (B) JSl 

•CJ2TF<7«T-1 ^Xfc^fiji^-ti-S i b 

d^*i»t t < . .-jStot (a- I — 1 ) <7)iK&mb . 

(B) m/x\± icy (D^nb^, mi<m°c 

PJT, 5!fc*F*L<tt0taaT s fk«,*4U<tt-3 0 

eow&znmmmfLtdk, &*szw&z±}?xfi 

ZbtfX'% » m&km&b LXii, o . re/* 
~2 o-c/*coift-iajMS?-r§ £ 3&*r * s*\ o . 

5V/fr- 1 0'C/^>IJP&5W* tv\ BijmMb I 
f{4 % f-b-9bl«075y. i/x^x— r;k 
nfy^cox-r/^, ^fy, h^xy^fHIs** 
fu f y^'y, >yxf-;t-T5y, n, n, nt , n- 
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[ 0 0 S 4 ] mz „ (2 ) ;KD ( yAn^ yffc*X*5 

x ) it&mmt&mjz^uxmwtt . ( 2 ) 

^aafek l/Cli. Mlte'Wl^ 000-5368 8fc 
J: ISffctZ Z ttfX'% % TI2-«5$ ( A 

-a-D (vm^mvyftimb. z, -h s z 2 - 

H. Z 8 -H.XiiZ 4 -H Z x ~Z 4 tt-JRsS 

(A-a)<0Z, ~Z 4 tPlifc-Cfc*. )t«s*i*a 

[0085] 
[£5S] 




(A-a-1) 



[0086) (5W. -Ar,-Ar 2 -fi. (A 
-a) T$k%tlizi><Dk$—~?fo *) > YtiAn^ySFf 
> ^JtWtT&Z, -H. Z 2 -H, Z 3 

-H&tfz t -HithaLfc* (b> x» (c) my 

10087] HKS (A-a-1) -C^foStlSjKU 

(a- a > T*bs*i*ney Wfc£ft*«aw-Sfc* 
r;^y^Kttx«, y -H-y/A. #y>> 

A. ^l^A^J^StU J»l~-2 2«|it«<Si 

m*mi-&EjfoT$.yk LXI&, M)x^;l/T3>, 
SUTnb^TSy. b'J-f 77nt";|/7$y.. MJ7" 

*n>7$y, M-Mv^f-n^sy. hy^f-^rs 
y. N, N-^f-^r-yv, l-^f-^fny^' 
y. l-^f-jH^y^'y, 1 —m f^p— 2 — trn y k 
y. i-^^-2-f^y Fy. WMtt^ 
fttL-cty^, 2-br?yy. 3-^ayy, 3- 
y y s 1 f;Hrt-;kWf/!.l 7;P 
ii y&JK. b<(i3K7 5 ^WS. 
[ 0 0 8 8 ] #y ( ^ND^y^x^^X ) fliMj. 
Z,H~Z 4 H, fcitf«E£5U63**IW>4Hft#(0fi 

u±mmm^mm. z,H-z 4 Hiu 

»vc#y (^sn^'y-(b*x*7X)t: 

fiK'fc 0 „ >Mfc 1/CI3R7 5 y£fflv>6*&tt. Z 4 
H~Z 4 Hi:, #y ($^a^>-fbfcxtf5.x> fc&m 



m&mmmmitevt>\ wz, h-z 4 h t , 

roo89) xmnsusifi 3 mm^&mxmm 

yy^xt^x) itormvv yM-Hu^ianay 
ys^^znvxo.ox&vfafrii, 10000 t/wgtfossBi 

TStffc.. ff*t<{S0.1 */HgA>£>100 ^Wg. *ffc 
W* L < « 1 *;MB3&» 4> 1 O^Wg^KHT'MtmS . 

[0090] ^mnmrn a joswoflw 

^r^y s ^?^y^^IiroK»J<^ 
xy. =sf^yy, Ff f i'/W<.y€y«?)»#Sttfli* 

r-fefy^ yif/^hy, ^f-^x-^^hy^ 
O^hyffi. ^xf-;px— r;P. ^-f/Px-f-zk f 
f^t^ny^y, 5^*^-9-y*ox— f/VMs ffiH 
f-;p#<DxxT^. hyxf-^rsy, hyrne;p 
rsy. l-^<^-2-t*ny Fy N i-^f-;P-2 
-b^y )'y^>3RTS y^, eyyy, 2-h*ay 
y^w^i^^sMt^t), ^y (^An^fcw 

[0091] ^SWORJKHf d RfcJBV** Zj H~Z 4 
H(0ttH»4»te«iJ|R$fi*fcw«i*< . tMMXV 

(yAnyytw*5x) ft^ftoyya^wi^L 
jtAQ^yH^oSfc^LTO.oi^^Hg^^ioooo ^e;P 

fg, mzmv<m^M^t> 1 o^;^eht-« 

{fits. 

[0092] *5ffiH<©KB*ff o RtOKI«^{i-78 *C 
3!pfe80 , C<O®HTS{ftL s #it<{i-50 °CA^30'C. 

4*k*p* L<ii-3o -c^fe i o'cmm. mm i< 
[oo93] imitzmtmmiv-kxmm 

[oo94] *^*5*faaj*i»rjty y-ffc^^it 

WiJJStW. HSR* (A-a-1 ) tftffU 
ayy^*XJf«9X) €-^ite*tt. ZiH-Z 4 H{4|i| 

(z l ) (z 2 >s±oz 1 tz 2 sWrsz^yy* 

T^S. •Wrfc'fe. (A-a-l ) •CtfcbSih.S 
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fiO'J yBfiFRfcH t»<oz,H*EJ5SHi-&£ bt,z£ 
9.&*-P(Zi ) (Z t )3Utf>Z, i:Z a . #R 

as:* *)&m$h&zmvyft&®it. m&tixM 

10 0 9 5) -ft* ( A- a - 1 ) TmbZtl&tfO 

9^filf-S**«r8rC*6. Mi.«u DE19513541-CI4. 
fc'X 7 x J ~)VWMcr> J: 3 1 s *B&f* jff'JbKodfv- 

StlX^Z* g)fc. A. A. Kutyrev 1. 4-<y 

y fc HflHfcU > t mxtz <fc 0 , itJCtS 
o*.X b##J>>*U. c fc £«»LTV>$ ( Z h . 

Obshch. Khim. 62 (8).. 1768 
-177 1 (1992)). Hfc, iRfgH2 0 0 0-5 3 
6 8 8 tCEtt§:fcTVV& J: 3 Jc, tf-'J ( fx ( h't? 

0, df'J (^\ 0 yWfc*x*7X) 

[ 0 0 9 6 ] ±» Lfc&flRiJcfcfSo -&* ( A - 
a) <0-Ar,-Ar (a-II) <7>Z^'J>-ffc 

HK(A-b)«-Ar 3 ~Ar 4 -l 

a>\ ( b -i ) xii ( b -li ) (T>zm» yfc&m<oi§& 
( 1 ) t (2) <7j;S1&d#t«k ( l ) n&m/rytitf 

ntu\ -m, (A-a) a^(A-b)ioz®i;y 

•ft^OlfS^t Lm * 5Agi§ {?nv(-/5 

y s ^r^ymmmitymm. wuxy, 
ymmmt>mft>n. zn&mmmmm 

1 0 0 9 7 ] flfflc£*«|IAttfc tTti, z£ 
<fc>?MttU:S, fiK.ff&*&fgfli (MC l ) XJj;#g 
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C00981 SH&SMfcfci SW&ffikk ix a . zny 

at. mmmmim^&&.<nmmi l zmm^tc 

izi <oftui^ $ bkzwm^m^Mkximt&ijm 
mwTktiz. zmv yitismmmmmb lx 

fct ^y-^y, h;kxy N dp^k y^ffmmWM^m 
®s f-h?tKn77y> y^-^^y^x— f;ws** 

^D-y . y^coiiif^li*^*.. r-fe ^ y s 
yx?^ b y^OT- h yW~ x^ y ~)v 

[0099] ^SWfcB^Ttt, 1W» W*®8rZffi»J 

HjEiifli: LTiw$tLi.^i'-7 ^ ymt-gm 

bLXtt. tt?mzitU7jy&Z.m&$:'J>-%:<bi> 

x^i^y v roeyy N /f>, 7^^xy s ^ 
>f>, ^f-^xy, ;t?ry. *^^y' 

xy, r-fey, -s^r-fey, ^^T-'-fey. 
y s Kr?-fey, xf-i^y, a-^f-^xf-i^y. y^n 
^-fey. tjiuf s 7'utri^y— T'ryJi^v l -7' 
fy~2-7'fW y7*f-wy&£4t!k l -7"fy~ 
2 - t*t y— ( y/f i^y-7 - ^ ^x y^^^®^ 
a-i^ -r vftMl, rnui^y, n-yfy, -f 
vymoym*\'"? < y<nzMfo~-wkW.<?) i. 5 
7 ^ y^-y ^-7-Stt^^^«*P7 ^ y^. 
y ox h ry^TA'a-A's 1 -t Kn^y- 
2, 7-t?^yxy % 3-tFP^y-i, 7-^ 
^yxy ^W;t-r;>a-;k l-^h^y-2, 7 
-:*?*yxy x r^yyUbf^K ^^r^y;H^ 
f-ip. W y|g^^-;^coS4KSi*y 7 ^ y^^ 

ttl-fg«Sr*L*v^i^7^ytt-(b-^*W*t<, « 
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[ 0 1 0 0 ] t Ytt>A'§)HfflBnNMtt*(QVM 

700h>JX ( M)7x-;m7^y) ;Vf™^A^ 
Ail-^m. 4y^A#/t^-;l<3£ 

A v Rh (acac) (CO) 2 , CRh (OAc) 
(COD) ] 2 . Rh 4 (CO) u , Rh 6 (C 
0) 16 , HRh(CO) (PPh 3 ) 3 . CRh (OA 
c) (CO) j) 2 , (Rh (m-S (t-Bu) ) 
(C0 2 3 2 . CRhCl (COD)jl 2 (acacii 

T^vT^YT-vm: . oac ar^mt. co 

Nil, 5-y?n*?^i/'iyl:. Phte7x~?V& 
£ . t ~ B u iilj5 3 *tb«l*t ) t^O^ 

&*><7)T1i&V\ 438BIte&<.vttt. tfrTkaK/UK 
o^A, ;Hrx*A#iJ*L<,' o^AsWfttffi 

[0101] *#»&tiH=t*vv^ -gf 

Wat Srb Fn^Ss/HfcSOHWBcfl^L* -t^T" 
vhMZtflO. 0 5mg-5g. ntLKiiO. 5m 

[0102] #»Hfcfci vc , zsy yfc-mwms. 

3»Wi*8£»l*/l'Sfc9»0. 0 0 1-5 0 0* 

/k #* t < iio , i~ioo t/usJM^ ilfcTix 



trby. * ^h-x^ivt- f y%<r> *r h yjk Th5tF 

#X<i. H)tWe£3^l/7 ^ 5*ft^«*W4 

[0103] #3»t b'D*;l'S;Hfc3t££ff&3*: 

0, £3&&J&tt« ». 1 5-2 0 0^. #S V<&5 
0~1 5 OT0*H*»4>8B»1., CO#ffiRtfH2ftff 
0. 0 01-2 0 0mEE. »*L<140. 1- 
lOO^ffi. L < 1 - 5 0%£.<7>mfrt>m 

wit,. 7mt-mitmt<7)^)v&, in z /co> it 

Mit. 10/1-1/10. tfiUttl/1-1/6 
[0104] *^BJO. HR* (A-a) Xf4 (A- 

ate* wstfcit, £<^8»&«aroBy /-ft 

tvtzTJUr t KMi- Witfu SP 5 5 5 

0302^USP5667644K^T. *<0*4* 

[0105] 

MFPN W^tl.* 5 , *WWi*<OilS*j8i55f v « 
[0106JSaSW-l (xh7t°ny^t'X*^7r 

h (gae^i ) 

PC l 3 (3. 99g. 29mmo 1 ) <Oh^xy ( 1 
0 0ml) JSRfc, 3ilBLfcT<0Kn-n, (3.89 
g s 58mmo 1) i: Y>VX+frT$y (8. 82g. 
87mmo 1 ) Ohll'X.y (80ml ) JSa^CCfcT 

STFtfc. 6 0'CT2««g5L^fcc:^. snjoy/p 
^no^7 -f y#8 3%«3iKttT'4«LT^SC:t 
P-NMR(CTWB3ft*: (5104. 4 ) . «*• 

mtiipm 5omi itisi mm. 3 , 

3' , 5, 5' -rl-9-ter t-7*f-;P-6, 6' 
- } J^)V-2, 2-t*7x/-/K6. 3 7g. 1 
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4. 5mi»o 1 ) (DTHFmm (40m 1 ) Srn-Bu 
Li (29 mm o I ) ffy\^y^W.h. & O'CXi^ 
U %<mi. 2P«§MU b'7x/-;K7)Li 

HZ. tf 7 x ;-))/<7)L i O'CCrCiTFU;. RJ6 

ft. «£iffiMU r»te»Jaut. Sofcass^y* 

^y=l : 5) KJ: 9JM«lf Udglt TEfcSct 

tmconimi & 2 . 1 3« ( 1 9%) 

mp 215. 6-216. 3*C 
3 >P-NMR (CDC 1 3 > #99. 78 
'H-NMR(CDCls) *7. 37 (s. 2H) , 
6- 8 1 (m, 4H> , 6. 6 8 (in. 4H) , 6. 2 
0 (m, 4H) . 6. 1? <m, 4H) , 1. 94 

(s, 6H) ,1.29 (s, 18H) .1.06 

(s, 18H) 

[0107] 

f Bu feu 




10108] JJfflHmoaBtftL >J >3 1 -wm 

wvj ryrnz-?.? a - 3 o om) xasaMMifife* 

[0109] RJ6W- 1 (Mm-2 m^tzh Yrttsfl, 
(cod)(0Ac)) 2 , Tf2fc*L3tZJiy>-ffi&- : F2 214.4m 

wm) ttmt. *t-&m&vmLn. m»x, £< 

flBEl44teArf'Cfc«5fc. ^<9ft, &SK#X 
(H 2 : C0=1 : 1) f W^flteSX IX?V 

-Y7 V~-WMMBMBt/v*&b$ lofc Us. 5.0 



Lfc. RJ6ttm 3^h7l'--7*£35a± , t9WPU 

JR S 7^tV>'<0|fifl3ttiB.7% % C^T/l^b HiRsptt 
91.9TC* 0 „ C 4 -T/Wrb Ffcfcltl. B«*«n-7*f-/P 
T/PrbKi:S«iicr)i-7"f-;l/r^Tt FoiL (n/i 
ft) (is 25.5"C&-5fc. gfc, mm<r>B)MTm^ 

[0110] 
[£60] 



fBu 


iBu 






O 


? 

P— 











[0113 J-RJ6W-2 (Effi?l »tfrbFn*/V 
KJ5t$iJ- 1 fc43^TMV^214.4ragcOlEfi[ : F2<?)ftt) 0 

r222.6mg«±ia^iiM- 1 x«&$LifcrMv ytim- 

l%m\ W^htilalSeo^t'rDbVxobHa 
6.6%. C 4 -T^TbKJR^{494.8%-CS) 1 5, C,-T^rt 

137.7PPB (d, 2J Rh - P =209.SHz) JCHh-P#S#: 
[0112] 

[3*ffl«3»*] *%m?>zmv *^bs b 

KD*;ws;Wt;. bFo^ry-fbs bpn^/w^^v 
bKnTSHt. b Fnxx^HL TiVKwHI 
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